Abstract. This paper presents modelling and analysis of peaking switch used in Marx generator, such that the rise time of the pulse produced by the Marx generator is reduced substantially. Towards this FEMM ( Finite Element Methods Magnetics) software is used for the field modelling of the switch and MATLAB for circuit modelling to observe the rise time. The switch has to produce pulse with sub-nanosecond rise time, hence the electrode distance has to be minimum. This switch can withstand high voltage only under high pressure. A mathematical model is simulated in MATLAB to see the performance under high pressure.
Introduction
The high power pulses are used in many industrial, societal and defense applications. Marx generator is one of the source used to generate the short time high energy pulse. The output of the Marx generator is coupled to a peaking capacitor and peaking switch to decrease the rise time of the generated pulse. The short rise time plays an important role in the pulsed systems. This short rise time, high power pulse is fed to various loads like plasma gun, ion gun, electron gun, vircator / antenna etc. The applications include high power radar, plasma ion implantation, diamond cutting, food irradiation, surface coating, waste water processing, medical electronics, Ultra Wide Band(UWB) systems, defence etc. [1] [2] [3] [4] [5] . The goal of an Ultra Wide Band(UWB) system is to interact with the increasing combination of soft and hardware functions in electronics.
This paper deals with the design and modeling of peaking switch to modify the output pulse of a Marx generator to achieve the required rise time to develop UWB signals. The pulse from the Marx generator forms the input to an antenna which will generate and radiate the UWB signal. The radiated signal from the antenna depends upon the pulse and the rise time of the pulse generated by the peaking switch. The output pulse depends on the gap inductance of the switch, the fast discharge capacity of the peaking capacitor, the dielectric medium in the switch and the gas pressure [6] [7] [8] [9] [10] [11] [12] [13] . This paper discusses the circuit model of the switch with a detailed analysis carried out using the software FEMM and MATLAB [14] . The inter-electrode distance in the switch is very small and high voltage pulse is applied under very high pressure to the switch. The high pressure is needed in the switch to withstand the high voltage of the pulse. Therefore an attempt has been made in this paper to formulate a mathematical model for the switch under pressure.
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Since r o >> r i , the rise time of few nano second the log term is about seven. Hence 14 (4) The channel inductance limits the achievable rise time of the switch by inhibiting the rate of rise of voltage. Hence to achieve minimum rise time the channel length should be as small as possible.
Switch Capacitance under arcing condition:
During the switch breakdown the gap is closed by the streamer movement. There will be some small current flowing due to the increasing capacitance at the gap associated with the smaller distance between positive and negative charges in the gap region.
The small inter electrode distances, to achieve low channel inductance, yield high spark gap capacitances. The switch capacitance can be evaluated by (5) where the absolute permittivity of the medium and ' r ' is the relative permittivity of the medium.
Switch resistance under arcing condition
Since we are modeling the switch for breakdown of electrode gap for the duration when the arc occurs, we consider the arc resistance as the resistance of switch Apart from the above two parameters arc resistance has to be considered. The arc is nonlinear in nature. At the time of switching the value of resistance is very less. For the first part of the simulation arc is considered a constant and it is of the order of 0.015 to 0.13Ω in air [11] .
The switch has to operate under high pressure to withstand very high voltage. The circuit parameter which is changing is the arc resistance. Under high pressure the resistance is represented by Rompe and Weizel arc resistance model given in the equation [9, 10] . 6
where d is the gap length, p is the gas pressure, i(t) is the current flowing through the channel, and a is a coefficient characterizing the nature of the gas . It was obtained that a = 0.8-1 (atm-cm 
Peaking Capacitor
The entire experiment consists of the pulse generator which is a Marx generator to which a peaking capacitor and peaking switch is connected as in 'figure.3'. The rise time of the output pulse can be improved by using peaking capacitor. The peaking capacitor will hold the energy for a short time and discharge much faster than the erected Marx generator. The value of the peaking capacitor is evaluated by considering the load impedance 'R load' and the source impedances L marx and C marx , of Marx generator. 
(7)
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Circuit simulation
The circuit simulations are helpful for investigating the principle of operation of the overall system performance. The accuracy of this method depends on the value of the equivalent circuit parameters evaluated from the geometry. The simulations are carried out with and without pressure
Simulation without pressure
Switch is modelled as a series combination of inductor and resistor, in parallel with a capacitor [8] . This switch is connected to the peaking capacitor and load resistance. The inductance of the switch calculated using equation (2) is 25nH. At the time of switching the value of resistance is kept constant and its value is 0.13Ω [11] . The switch capacitance is 0.0898pF and peaking capacitor is 40pF . The circuit simulation is done with MATLAB Simulink. The peaking capacitor is initially charged to 300kV; which discharges through the switch and the load.The rise time obtained is 1ns and peak voltage is 220kV as shown in 'figure.6'. This simulation is not taking care of gas inside the switch and its pressure. It only gives the effect of gap distance and geometry on the output pulse. reduces the operating pressure has to increase to withstand high voltage. The lumped element model of the switch is developed using Rompe and Weizel arc resistance model. The non linear differential equation is solved by finite difference method to find the rise time and peak voltage of the output pulse generated by the switch under different pressure. Now the fixed arc resistance as shown in 'figure.2' could be made variable by incorporating the resistance as a function of pressure as in equation (6). This gives the model of the switch under pressured conditions. The result obtained from such incorporation is shown in 'figure. 8' which gives the typical output pulse from a peaking switch with air as the medium under various pressures. For 1 bar pressure the voltage is 40kV and rise time is 0.06ns. As the pressure increases the peak voltage also increases. When the pressure is 15 bar the peak voltage is 450kV. The result show that as the pressure is increased the breakdown voltage increase, which means that switch gets closed for higher voltage. This modelling show that the rise time can be reduced by reducing the switch inductance and the peak applied voltage can be increased by increasing the pressure in the switch.
Conclusion
The paper has modelled a peaking switch and brought out the salient points towards reducing the rise time of the switch. It has been shown that reduction in switch inductance reduces the rise time of the pulse output. The switch needs to be applied high voltage under high pressure. It has been shown that the high voltage could be achieved by increasing the pressure in the switch.
The switch model for the desired rise time has been made and analyzed in FEMM software. Switch equivalent circuit model is simulated using MATLAB to observe the pulse rise time. The generation of sub-nanosecond pulse is possible only under high pressure. High pressure switch model is made by considering the arc resistance as a pressure dependent variable. These modelling techniques will be useful in implementing the high pressure peaking switch for UWB application
